• AIM: To evaluate the effect of femtosecond laser-assisted lens surgery (FLALS; cataract surgery or refractive lens exchange) on the structure of the optic nerve head and the macula.
INTRODUCTION
C ataract surgery is the most commonly performed surgical procedure in the world. Recently, femtosecond laser assisted cataract surgery (FLACS) has gained popularity due to its advantages over conventional phacoemulsification such as increased accuracy and reproducibility with better refractive results, reduced endothelial cell loss, reduced effective phacoemulsification time and reduced intraoperative complication rate [1] [2] [3] [4] [5] [6] [7] [8] . Initially FLACS was only used in healthy eyes, due to the lack of evidence regarding its effects on eyes with pathologies. However, the benefits of FLACS in certain ocular conditions have made this procedure expand its field of use. Nowadays FLACS is frequently the chosen technique for eyes with low endothelial cell count, pseudoexfoliation, narrow anterior chamber, dense cataracts, etc [1, 5, [9] [10] . There is an increasing number of publications stating that FLACS is useful in certain conditions related to glaucoma, such as angle closure, nanophthalmos, Peters' anomaly, pseudoexfoliation or phacomorphic glaucoma [9, [11] [12] [13] [14] , despite the fact that the effect of FLACS on the optic nerve is unknown.
Femtosecond laser-assisted lens surgery (FLALS), both in case of cataract surgery and in case of refractive lens exchange, requires the application of a suction device to stabilize the laser head and focus the laser beam accurately. As a result, there is an increase in intraocular pressure (IOP), which poses potential risks, especially for patients with glaucoma. Only a few studies have evaluated the changes in the optic nerve head after a femtosecond laser procedure, as well as macular changes, and most of them have been conducted with patients undergoing laser in situ keratomileusis (LASIK) [15] [16] . Therefore, there is a need for evidence stating whether FLALS causes changes in the optic nerve head or in the macula. With the introduction of optical coherence tomography (OCT) both the optic nerve head and the macular structure have become easily assessable by a direct and non-invasive method. The OCT device acquires accurate measures of the retinal nerve fiber layer (RNFL), Bruch's membrane openingminimum rim width (BMO-MRW) and macular thickness (MT), which provide information about the structural status of the optic nerve head and the macula [17] [18] . The aim of this study was to evaluate the structural changes in the optic nerve head and the macula after FLALS in healthy eyes, assessed by OCT.
SUBJECTS AND METHODS Ethical Approval
The study was performed in compliance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from all the subjects after receiving a full explanation of the procedure. Design and Study Group This prospective longitudinal monocentric study included patients undergoing FLALS from September 2016 to February 2017 in Eurocanarias Oftalmológica. Since femtosecond laser-assisted refractive lens exchange requires a femtosecond laser preparation for surgery similar to that of FLACS, both types of patients were considered eligible for this study. Inclusion-Exclusion Criteria Patients undergoing FLALS between September 2016 and February 2017 were included. Exclusion criteria were history of any ocular disease, particularly glaucoma, ocular hypertension or any condition that could alter OCT results (peripapillary atrophy, age related macular degeneration, difficulties in fixation, etc.), as well as hyperopia superior to 3 diopters, myopia superior to -3 diopters and astigmatism superior to 2 diopters. Examinations All patients underwent comprehensive slit lamp examination before and 1d, 1wk, 1 and 6mo after surgery. Preoperative tests included biometry (IOL Master Prior to surgery Spectral-domain OCT (Spectralis-Glaucoma Module Premium Edition, Heidelberg Engineering, Carlsbad, CA, USA) circle and radial scans were acquired to provide RNFL and BMO-MRW measurements, respectively, as well as horizontal scans to provide MT measurements. Circle and radial scans were centered on the BMO and all scan types were aligned according to the fovea-to-BMO-center (FoBMOC) axis using the automated anatomical positioning system (APS) scan feature. The APS-based scans were repeated 1 and 6mo after surgery using the automatic "follow-up" feature in order to provide RNFL, BMO-MRW and MT measurements. Of all the measurements acquired, those used for the analysis were average RNFL, average BMO-MRW and central retinal thickness (CRT). Surgical Technique The femtosecond laser platform used was LenSx (Alcon-LenSx Inc., Aliso Viejo, CA, USA). Phacoemulsification was performed using Centurion ® Vision system (Alcon Laboratories Inc.). Corneal incisions were fixated at 45 and 135 degrees and capsulorhexis diameter was 5 millimetres. The nucleus fragmentation pattern chosen can be seen in Figure 1 . Postoperative treatment consisted of topical application of antibiotic, steroids, nonsteroidal antiinflammatory drugs (NSAIDs) and artificial tears. Statistical Analysis Data were analysed using R Core Team 2017 (R: A language and environment for statistical computing, R Foundation for Statistical Computing, Vienna, Austria). Shapiro-Wilk normality test was used to determine if the sample was normally distributed. Mean and standard deviation (SD) of all parameters were calculated. Linear regression analysis with its respective ANOVA test and post hoc tests using the Bonferroni correction were applied. A P-value less than 0.05 was considered statistically significant.
RESULTS
The study included 87 eyes of 46 patients, of which 50.5% were right eyes and 49.5% were left eyes. There were 30 women (65.2%) and 16 men (34.8%) with a mean age of A slight increase in all parameters was observed after surgery, which can be seen in Figure 2 . This increase was greater at 1mo than at 6mo post surgery. Table 2 showed the groups with statistically significant differences and the confidence intervals (CI).
DISCUSSION
The main purpose of our study was to evaluate the effect of FLALS on the optic nerve head in healthy eyes, and secondarily to assess its effect on the macula. It has been proved that FLALS induces neither more macular thickening nor higher rates of cystoid macular edema than conventional cataract surgery [19] [20] [21] [22] . Nevertheless, there is a lack of scientific evidence regarding the effect of FLALS on the optic nerve head. Our results show a small but statistically significant increase in RNFL and BMO-MRW 1mo after surgery with a tendency to return to baseline values after 6mo. A slight increase in MT was also observed one month after surgery, with the same tendency towards reduction after 6mo. This increase in MT is similar to that published in previous studies [19] [20] [21] [22] [23] [24] [25] . The fact that RNFL and BMO-MRW values were not reduced after surgery suggests that FLALS does not have a negative impact on the structural status of the optic nerve head. Zhang et al [15] evaluated the RNFL before and after a different femtosecond laser-assisted procedure, femto LASIK, which causes greater IOP elevation, and they found no significant changes after surgery (mean RNFL 106.34±10.45 preoperatively, 106.01±10.35 after 1mo,
P>0.05). This is especially relevant for patients with glaucoma,
in whom femtosecond laser-assisted procedures have been contraindicated so far.
There is a concern about whether the increase in IOP caused by the suction ring during the femtosecond laser procedure could be long and/or intense enough to damage the optic nerve head. Several authors have studied the changes in IOP induced by the different femtosecond platforms, demonstrating that those with flat and curved interfaces (LenSx and Victus) cause greater IOP increases than those with liquid interfaces (Ziemer LDV Z8 and Catalys) [26] [27] [28] [29] . The estimated IOP increase for Victus, Ziemer LDV Z8 and Catalys is 42, 30 and <19 mm Hg, respectively [9, [26] [27] [28] [29] [30] [31] [32] [33] . Darian-Smith et al [34] studied 143 eyes during a FLACS procedure using a Catalys platform and found that the increase in IOP is greater in eyes with glaucoma (17.04 vs 14.01 mm Hg over baseline IOP), with no association between glaucoma severity and IOP increase during femtosecond laser pretreatment. The median vacuum time was around 150s. They concluded that it is well tolerated short term and that long-term implications are unknown. Roberts et al [9] made a review of literature on the LenSx platform and found an increase of 16 mm Hg during 1-2min, concluding that patients with glaucoma may not be at risk. The effect of FLALS on the measurements of RNFL, BMO-MRW and MT is the combination of the effect of 1) the femtosecond laser procedure itself, which causes the IOP increase previously discussed; 2) the effect of the phacoemulsification procedure, which also causes an intraoperative IOP increase; 3) the intraocular lens (IOL) implantation. Interestingly, the IOP levels reached during phacoemulsification have not been studied by many authors.
A prospective randomized study of 80 eyes by Vasavada et al [35] demonstrated that the maximum IOP during phacoemulsification was 69±3.0 and 85±1.2 mm Hg in the low and high fluidic parameters groups, respectively (P<0.002). These results are in agreement with those shown by Khng et al [36] , who found IOP rises of over 60 mm Hg in cadaver eyes. If the increase in IOP during surgery was long and/or intense enough to cause damage to the optic nerve head, a decrease in RNFL and BMO-MRW values would be observed after surgery. Finally, regarding the third and last part of the FLALS procedure, the IOL implanted could also affect the OCT results. Mauschitz et al [37] found that APS-based Spectralis scans offer reliable longitudinal data independent of media opacity changes over time, even after cataract removal, which implies that the OCT results should be equally reliable in eyes presenting cataracts, clear lens or an IOL. Nevertheless, the study by Celik et al [38] showed small changes in MT
and RNFL values after conventional cataract surgery (MT increased from 247.9±17.6 to 249.0±17.8 and RNFL increased from 97.4±5.4 to 101.7±5.6 1mo after surgery, P=0.029 and P<0.001 respectively) and therefore they concluded that new baseline measurements should be obtained after surgery. These differences between the preoperative and the postoperative OCT results could be explained by a different-not necessarily better-acquisition of the images after the implantation of an IOL, and the change in refraction after surgery and the optical properties of the IOL may have an influence on this. Another parameter which could have an influence on this changes is the postoperative IOP. After glaucoma surgery, when the IOP decreases drastically, some changes in the optic disc cupping can be seen and sometimes there is an "optic disc cupping reversal" due to the relative ocular hypotony [39] . It has been demonstrated that cataract removal causes a decrease in the IOP [40] [41] , and this may have some tissue-expanding effect similar to that observed after glaucoma surgery, but to a lesser extent than in cases of optic disc cupping reversal. Despite the fact that the IOP-lowering effect of cataract surgery is not comparable to that caused by glaucoma surgery, this decrease in IOP might explain partially the increase in BMO-MRW after FLALS. Our study is the first to assess the changes not only in MT but also in RNFL and BMO-MRW after FLALS. Since RNFL and BMO-MRW are two parameters that aid in the diagnosis and monitoring of glaucoma, the fact that in healthy eyes neither of them suffers a decrease after FLALS suggests that this surgical technique may be safe not only in healthy patients but also in cases of ocular hypertension and glaucoma. However this particular topic must be addressed in future studies including ocular hypertension and glaucoma patients. This study is subject to certain limitations, such as the relatively small sample size and the fact that there was no control group. Furthermore, given the fact that the thickening observed in the three OCT parameters decreased over time, with a long-term surveillance the results shall show if the values return to baseline eventually or if the slight increase remains stable after six months, suggesting that there are new baseline values after FLALS.
In conclusion, this study showed that FLALS does not seem to cause any deterioration in the structural status of the optic nerve head in healthy eyes. Since the postoperative values of RNFL, BMO-MRW and MT are slightly superior to the preoperative values, new baseline measurements should be acquired after FLALS in order to continue the follow-up in an accurate manner. Further studies are necessary to assess if there are any long term implications and/or different results in ocular hypertension and glaucoma patients.
ACKNOWLEDGEMENTS
The abstract of this study was presented in the 13 th Congress of the European Glaucoma Society (EGS). Optic nerve head and macular changes after FLALS
